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Abstract: This study presents an analysis concerning the use of standard operating procedures (SOPs) 
and identifying sources of resilience and brittleness in an emergency response exercise conducted as 
training for Rio de Janeiro State Fire Department´s captains, Brazil. From the audiovisual record of the 
exercise performed by 35 young officers, it was noticed the partial activation of 13 SOPs relevant to the 
exercise. Not all steps under each SOP were activated or even used. Some possible reasons are the 
novelty related to the use of simulation as well as the exercise design. This bias in the SOPs use was 
somehow compensated by sources of resilience that contributed to the actions outcome. Positive and 
negative aspects of this relationship between standardization and resilience were observed and described, 
contributing to a better u derstanding of the activity analysis of these professionals. 
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1. INTRODUCTION 
In complex and safe-critical domains, one way used to deal 
with the complexities and to improve performance is the use 
of standard operating procedures (SOPs). Standardization 
contributes to reduce variability in work actions, to the use of 
best practices in routine work, and in aiding the planning and 
control of tasks (Dekker, 2005; Liker & Meier, 2006). To this 
end, a development of SOPs covering the actual work, its 
dissemination involving all stakeholders and their training 
while respecting the characteristics of each context, is 
fundamental for the expected success of the operation. 
However, for complex systems it is important to keep in 
mind that real situations will always challenge the capacity of 
the systems to anticipate every potential situation (Carvalho 
et al., 2006; Branlat et al., 2009), thus requiring the resilience 
of the people and organizations involved. Procedures are 
generally put in place based on the logic that all will follow 
according to plan, without changes to the execution of the 
tasks (Dekker, 2003). Nevertheless, it is important to be 
aware that if and when a situation presents itself in practice 
differently than expected, plans need to be adapted or 
changed. It may be an example of resilience, which can be 
defined as the ability of a system to adjust its operation, 
before, during or after disruption in order to maintain the 
necessary operations under both expected and unexpected 
conditions (Hollnagel, 2011). Therefore we need to training 
people for the use of SOPs as well as for the development of 
the resilience skills. 
Emergency response exercises, conducted mostly from 
simulations, are strategies used by complex sociotechnical 
systems of different sectors in order to prepare organizations 
and people to deal with situations of risk, planned or not 
(Voshell, 2008). The objective of this type exercise is to 
simulate normal and extreme situations so that organizations 
and agents responsible for these activities can develop their 
skills and competencies aiming towards its use in a real time. 
Thus, expected responses as those set out in SOP can be 
trained, and new ways to deal with adverse situations can be 
developed, resulting in responsiveness to the unexpected. 
Especially in areas where safety is paramount as in the 
nuclear industry, aviation, public health and safety, 
simulation of accidents and abnormal situations is the only 
alternative to training, considering that in this context 
accidents and such situations rarely occur in reality, making 
one’s learning difficult outside of the simulations. Previous 
research on simulated exercises in safe-critical domains 
indicated that the ability of people in an emergency response 
situation to revise plans, cross check data, and review 
previous assessments (contained in SOPs) when situations 
change leads to a more consistent and reliable decision-
making process based on background and expertise of agents 
(Gomes et al., 2014).  
With Brazil’s the recent focus in hosting large events such as 
the World Youth Day in 2013, the World Cup in 2014, and 
Olympics in 2016, the preparation of the institutions related 
to emergency response is fundamental in order to ensure 
adequate carrying out of these events, and the safety for 
participants and the general population. One of the 
organizations with an active role in emergency response is 
the Fire Department. 
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The firefighter department activities fall into a complex field 
in which coordination and synchronization among actions is 
crucial to accomplish common goals and outcomes. 
Firefighters are faced difficult and complex situation most of 
time requiring a consistent balance among needs, priorities 
and resources for dynamic responses. It is a difficult task as it 
requires operators to consider their own tasks as well as those 
of others, demanding that they have sufficient knowledge of 
their own role, the roles of other team members and the 
continuous information request to assess situations in order to 
take decisions efficiently (Branlat et al., 2009). 
These characteristics have important consequences on 
officers training contents and formats. Besides the training 
geared towards technical skills acquisition to play their roles, 
a crucial knowledge related to acquire experience in 
managing the dynamics of adaptability and coordination of 
the sequence of functional interdependencies, which is a 
more reflective form of practice (Schön, 1983). The use of 
training scenarios designed for regular and difficult situations 
is presented as a successful method for achieving higher 
levels of resilience and safety in context as the firefighters 
(Hoffman et al, 2009; Voshell et al., 2008). 
This work aims to analyse an emergency response exercise 
simulation conducted during the training program for 
captains of the Rio de Janeiro State Fire Department, Brazil, 
concerned the use of a set of SOPs and identifying sources of 
resilience and brittleness. The analysis may elucidate aspects 
related to the procedures´ quality as well as aspects related to 
the actual work performed by these professionals, which 
should be considered when developing and disseminating 
SOPs. We believe that describing the way the work is 
performed, and especially highlighting the differences from 
how such work was described in the procedures, contributes 
to filling up the gaps between the work activity and the 
design of new processes, technologies, and support devices 
that help deal with common aspects in complex systems, such 
as variability, unpredictability, and adaptation. 
2. METHODOLOGY 
This study is characterized as a case study, in which the 
observation of an emergency response exercise has 
highlighted the use of a set of Standard Operating Procedures 
(SOP) as well as to identify sources of resilience and 
brittleness. According to Yin (2001), the case study is a 
useful research strategy when the investigated phenomena are 
complex and contemporary set in real scenarios. 
2.1  The Research Context 
The simulation analysed is part of the training program for 
young officers of the Fire Department. In one course the 
training program emergency response exercise simulation is 
proposed aiming to approach young officers to real world 
situations to be faced when they will be Major rank. To do so 
a simulation exercise characterized as table top was 
performed at the Command and Control Center of Rio de 
Janeiro (CICC). According to Voshell (2008), the drills can 
be classified as exercises based on discussion and operation. 
Among the exercises based on discussion, generally used 
when you want to train more high-level issues such as 
strategy and procedures, the table top stands out as an 
emergency event analysis in a low-stress environment. 
The exercise was performed in a CICC´s command and 
control room. From an initial scenario, the actions took place 
with young officers playing role as unit commanders’ roles 
responding to an escalating sequence of events inserted by 
the colonel instructor who also played a facilitator role. He is 
responsible for a course at Firefighter Academy and 
Firefighter Department top commander CICC. In addition to 
the mobilization of resources (e.g. people, equipment, etc.), 
the training officers’ actions required interaction between 
groups and resource sharing, based on a set of SOPs relevant 
to the simulated situation. The exercise was running through 
messages written in a flip chart according to its real time 
execution. The total amount exercise had about 1h40min 
long. 
The main simulation´s goal was to verify the knowledge, use 
and suitability of a SOP related to the management of 
operational events, especially those of long duration and 
complexity. Aspects related to communication, teamwork 
interaction, management of available resources and drive 
higher hierarchical levels were part of the expected actions of 
the officers in the training. Apart from this main SOP, 12 
other SOPs were related to exercise, considering operational 
functions and management of different aspects, such as: (i) 
displacement of vehicles, in order to standardize and 
minimize the occurrence of deviations in the implementation 
of key tasks for the planning and positioning vehicles during 
the relief displacement; (ii) triggering support and operational 
balance which regulates the firefighters actions in the field; 
and (iii) activation and management of special resources 
during relief operations. 
The exercise 35 participants divided into 11 functions, 
simulating 03 groups from the Fire Department related to the 
scenario. In addition to the functions represented by the 
trainees, two other units were present the central of 
communication and hazardous products unit, beside the 
colonel instructor. 
2.2  Data Collection and Analysis 
The data collection and analysis procedures was carried out 
cognitive task analysis methodology (Crandall et al., 2006). 
For these precept the authors claiming the use of a group of 
methods and techniques to elucidate knowledge, capture 
strategies and procedures, identify cognitive abilities, 
highlighting demands of the analysed domain. 
Data were collected from the process of the audio-visual 
record prior to the simulation, and the simulation itself. Two 
workshops were conducted in the weeks leading up to the 
simulated exercise in order to discuss necessary operational 
procedures to be used in the simulation. The research team 
followed these workshops taking notes, recording video and 
accessing the registering materials of these sessions. 
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The simulation was recorded by 12 cameras strategically 
placed next to the groups of officers corresponding to each 
function. In addition to cameras, voice recorders were 
positioned next to the tables of the groups, allowing a record 
of the internal conversation of each group as well as among 
groups. The total recorded video was approximately 20 
hours, and about 26 hours audio captured. Subsequently, the 
data captured was transcribed by the research team using 
based videos and audios. 
Moreover, the non-participant observation technique was also 
part of the data collection procedures and notes were taken 
and then used to complete the analysis, with the collected 
audio-visual material. 
Analysis of the data was carried out using the content 
analysis (Krippendorff, 1980). After transcribing the media, 
researchers conducted the reading of excerpts, organized in a 
timeline as shown in figure 1, looking thus identifying 
actions related to SOPs compliance as well as sources of 
resilience and brittleness. 
 
Figure 1 - Excerpt of the firefighter's exercise timeline. 
It is worth mentioning the participation of expert in the stages 
of analysis and data validation. In this case expert was the 
colonel instructor of the exercise. The research team had five 
meeting with the instructor after the exercise to discuss and 
validate the transcripts, the SOP's used and identification the 
sources of resilience and brittleness. 
3. RESULTS 
Overall, we observed incomplete activation of the 13 SOPs 
pertinent to the exercise. The participants did not activate 
some of the intended SOPs, and did not perform some of the 
activities prescribed in some of the SOPs they did activate. 
The nature of the simulation, a functional exercise performed 
in a lab type environment, such as the command and control 
room, accounts for part of this incompleteness in at least two 
ways. First, transposing SOPs into a lab type environment 
can make many activities become naturally absent (e.g. 
parking a vehicle). Second, the fact that demands and 
resources are just pieces of information granted at certain 
moments of the exercise, rather than physically perceived at 
the scene of the emergency, may have hampered the 
understanding of the need to manifest the execution of some 
activity. The issue mentioned above arose in the vehicle 
driving SOP. The information collection step prescribed for 
execution before departure and while underway were usually 
not manifest among the participants’ actions. This is an 
important moment, during which the firefighters responding 
to the call should be gathering information about the situation 
they will find upon arrival and creating a shared mental 
image of the event, useful in the process of anticipating 
possible strategies to deal with it. During the validation steps, 
the expert hypothesized this may have happened due to the 
nature of the exercise, which did not explicitly simulate the 
crew’s trips  time to the event location, in physical vehicles. 
According to him, the crews often undertake the information 
gathering and action planning steps in route.  
Also regarding this same SOP, only some units (students) 
expressly reported the return trip. During this step the 
firefighters should notify headquarters of their departure from 
the theatre of operations, whether to ferry victims to hospitals 
or to return to base. This information is important to them in 
assessing the event’s progression, resolution, or need for 
more resources. 
The manifestations of the procedures for managing 
operational events, the exercise’s main objective, also had 
gaps relative to those prescribed in the SOP, but less than the 
gaps observed in the more operational SOPs. This may be 
due to: (i) the simulation participants having dealt with the 
managing operational events procedures more recently than 
with the other procedures, as the simulation exercise’s 
preparatory workshops focused primarily on them, aiming for 
possible improvements; and (ii) the facilitator’s intervention 
at several moments of the exercise, at times providing general 
guidance, and at other times questioning developments. The 
facilitator’s interventions happened principally at crucial 
moments, when the exercise injects generated the need for 
more personnel and operational resources, leading, for 
example, to the need to change the event’s level (according to 
SOP), which in turn triggers a series of actions to control the 
event (e.g. require the presence of the Group Commander at 
the scene of the event, fill out specific forms, request 
additional resources). 
Relative to this SOP, the expert gained an interesting 
resilience oriented insight during the validation of the 
observation data. Upon receiving the call and sending out the 
first vehicle, the unit fielding the call also notified other 
agencies, such as the military police, even before arriving on 
site and assessing the situation. According to the simulation 
plan, the initial scenario and messages did not warrant 
requesting police assistance, as the information supplied to 
the fire department officers afforded the size of the event and 
it would not require this resource at this time. Alternatives to 
understand this action were explored: (i) positively, this may 
be related to their prior knowledge of the site, regarded as a 
high risk area with threats to their activity, therefore requiring 
police support, requested pre-emptively; (ii) negatively, this 
action can be considered a general pattern adopted by officers 
during their actual work, given the chronic lack of resources 
that plague security forces. In this scenario, even before 
ascertaining a real need for support, officers request other 
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agencies’ resources in order to "guarantee" their presence, if 
necessary. 
However, the anticipated request of other agencies may not 
be always a positive thing, as mobilizing resources without 
prior analysis of their real need can compromise the event, as 
well as the system as a whole, since their unavailability may 
keep the agency from acting in other events. 
Also on the issue of resource allocation, it is interesting to 
note that at another point in the simulation, where the officers 
had information that warranted requesting additional support 
due to the escalation of events, this action was not performed. 
This evidence reiterates the conscious use of resources and 
responsibility as an important point arising from the 
simulated exercise. The expert validations make clear this 
point linked to locus of work of the officers and its tacit 
knowledge developed. In the previous fact, on which the 
resource was triggered in advance, the real work context of 
the officers was the metropolitan area, in which the resources 
are available compare to the scarcity of resources in the 
countryside of the Rio de Janeiro State. 
In the situation of not activating resources, despite the 
information availability the firefighter team shared a work 
experience came from the interior of the state in which the 
time between requesting additional resources and their arrival 
can be crucial in critical event. Therefore, no action to trigger 
support can be related to the fact that their standard of work 
is linked to the idea of solving attempts with own available 
resources available at hand, and depending from external help 
that usually takes time. 
It is important to note that adaptations or even improvisation 
in emergency response as a natural consequence of system 
complexity and SOPs should viewed as a resource for action. 
To improve resilience the system should provide support for 
adaptations to deal with unexpected changes by recombining 
available resources (material or intellectual). As procedures 
and resources in emergency response (as in any complex 
system) will always be underspecified because they are used 
in contexts whose conditions are not ideal (Hollnagel, 2011) 
they require cognitive effort to be adapted for and used. In 
addition, adaptation normally stimulates collaboration within 
the agents (Carvalho et al., 2006), as the people have to 
create a new solution for the problem faced using the variety 
of knowledge and experiences found the team. 
Still concerning the partial use of SOP during the exercise, 
reasons beyond the table top format should be considered. 
The use of drills as training is a new feature for these 
firefighters. Initial experiments have been conducted, 
advancing within the categories proposed for simulated 
exercises (seminars, workshops, table top, full-scale 
simulation), as well as expertise for planning and execution. 
Thus the monitoring and analysis of these experiences, 
concerning both goals and accomplishments provide 
important insights for continuous improvements, allowing the 
elucidation of methods, materials and tools that can help the 
simulation but also may produce improvements in a real 
world action. 
4. CONCLUSIONS 
The sequence of events in emergence response and current 
activities on-site to deal with accidents and disasters (e.g. 
hurricane Katrina, Fukushima Daiichi), result in situations 
that overwhelmed the classical planning scenarios which 
form the basis for emergency management and response 
operations. Therefore accident response requires the ability of 
responder to transition into resilience, in situations far beyond 
deterministic safety frameworks.  
Empirical studies involving complex systems are 
challenging, especially in sectors dealing with emergency 
response. In these systems, while knowing the real work is 
fundamental for a better support artefacts design, tools and 
technologies, the data analysis which matches the reality of 
systems and agents is the best way to refute or corroborate 
theories, models and concepts arising from the academy. In 
this study, the insertion of the real world context of the 
firefighter activities as a research environment allows to 
evidence issues suggested by the Resilience Engineering 
approach, thereby elucidating fundamental aspects of 
activities in critical and tough situations. ). In this paper 
through empirical studies we look at ways to investigate this 
resilience potential in emergency situations. This potential, if 
properly developed, may be an effective strategy that can be 
used to better respond to an emergency situation, especially 
the extreme ones. More generally, our aim was to indicate 
that resilience thinking may complement the prescriptive 
safety methods of traditional emergency management 
approach. 
The relationship between standardization and resilience was 
shown this in the simulated exercise. The full use of SOP's 
set was found in a partial way, in part by the exercise design, 
or gaps on participants SOPS knowledge and also by already 
recognized SOPs inadequacies to apply in real world context. 
This need for adaptation is an aspect increasingly present in 
complex systems such as this one studied, as the unexpected 
variability arising from the interaction between the many 
different elements that compose them. Thus, knowledge and 
analysis of the need for adaptation can contribute in different 
fronts: (i) for a better training on the recognition, planning 
and implementation of adjustments, more consciously and 
safely; (ii) for a better SOP's designed reformulation 
considering aspects revealed by brittleness to apply in real 
activity; and (iii) artefacts design to support these demands 
for recognition and enforcement, ensuring increasingly 
resilient, efficient and safety systems. 
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